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57 ABSTRACT 

Emitter-coupled logic (ECL) circuit employs differen 
tial amplifiers arranged in upper and lower planes and 
selectively controlled by respective groups of input 
signals. Each differential amplifier of the upper plane 
has the emitters of its transistors connected to the col 
lector of a transistor in one branch of the differential 
amplifier of the lower plane. Additional parallel con 
nected transistors provide an OR function of several 
input signals in the upper plane for each of the differ 
ential amplifiers of that plane and the input signals of 
the lower plane are applied to each differential ampli 
fier of the upper plane, with the exception of the input 
signal associated with the branch of the lower plane 
differential amplifier associated with a particular 
upper plane differential amplifier. 

2 Claims, 4 Drawing Figures 
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SERIES-COUPLED REMETTER COUPLED LOGIC 
(ECL). CIRCUIT HAVING A PLURALITY OF 

INDEPENDENTLY CONTROLLABLE CURRENT 
PATHIS IN A LOWER PLANE 

This is a continuation of application Ser. No. 
419,144, filed Nov. 26, 1973, which is a continuation 
of Ser. No. 274,260, filed July 24, 1972, both aban 
doned. 

BACKGROUND OF THE INVENTION 
... Field of the Invention 

This invention relates to emitter-coupled logic cir 
cuits including differential amplifiers formed of emit 
ter-coupled transistors which are arranged in several 
'planes' in such a way that additional differential am 
plifiers of upper planes are connected into the current 
paths of differential amplifiers of lower planes. 

2. Description of the Prior Art 
The basic circuit of the so-called emitter-coupled 

logic (ECL) circuits consists of a differential amplifier 
having two transistors whose emitters are intercon 
nected and which are jointly fed with approximately 
constant current. The base of one of the transistors 
forms a control input; the base of the other transistor 
is connected to a fixed reference potential which is at 
least approximately equal to the arithmetic mean of the 
high and the low control potential. By means of ex 
panding the basic circuit and/or by means of combining 
several differential amplifiers, many different logical 
functions can be realized with the help of emitter 
coupled logic circuits. For example, the collector 
emitter paths of additional transistors, also controlled 
at the in bases, and of the same conduction type are 
connected in parallel for the formation of OR or NOR 
functions of the collector-emitter path of the controlled 
transistor. (See for example, “Computer Design De 
cember 1962, pages 26-30.) Other logical functions 
result since differential amplifiers are again connected 
into the individual current paths of differential amplifi 
ers. Such a measure is called series coupling (series gat 
ing). Basically, a Superposition in several planes is pos 
sible. The data sheet NECL III MC 1082 of the firm of 
Motorola, Motorola, and U.S. Pat. No. 3,519,810 
granted to Priel et al., for example, show a circuit ar 
rangement, constructed according to this principle in 
three planes, for the formation of the carry-over func 
tion during the addition of binary numbers. The series 
coupling and three planes, however, already shows cer 
tain drawbacks which are not further treated herein. 
On the other hand, the limitation of the series coupling 
to two planes will, first of all, cause a decrease of the 
possibilities for the logical linkage of input signals in 
view of the number of input signals, or, in view of the 
degree of the logical linkage, which, can, however, be 
balanced again by other circuit measures. 

SUMMARY OF THE INVENTION 
The invention has as its primary object the provision 

of a series-coupled emitter-coupled logic circuit which, 
according to the kind generally described above, com 
prises at least one differential amplifier in a lower plane 
with several current paths independently controllable 
by means of input signals of a first group, wherein addi 
tional differential amplifiers of an upper plane are con 
nected, which can be controlled by input signals of a 
second group, and designed in such a way that delay 
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times between the application of high and low input sig 
nals can be eliminated. 
According to this invention, such a circuit is charac 

terized in that the collector–emitter paths of additional 
controlled transistors for the formation of OR functions 
of Several input signals are connected in parallel with 
the collector-emitter paths of the controlled transistors 
of the differential amplifiers of the upper plane, and 
that, in addition to an input signal of the second group, 
all input signals of the first group are applied to each 
differential amplifier of the upper plane, except for the 
input signal for the control of the current path associ 
ated with the respective differential amplifier. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects, features and advantages of the inven 

tion, its organization, construction and operation will 
be best understood from the following detailed descrip 
tion of preferred embodiments thereof, taken in con 

20 junction with the accompanying drawings, on which: 
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FIG. It is a schematic circuit diagram of an ECL cir 
cuit; 

FIG. 2 is a schematic diagram of a circuit constructed 
according to the present invention; 
FIG. 3 is another circuit according to the invention; 

and 
FIG. 4 is a circuit for the formation of the carry-over 

function according to the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In connection with a circuit arrangement generally 
known as a D flip-flop with multiple control, due to its 
logical function, it has been suggested to expand the 
differential amplifier in the lower plane in such a man 
ner that the emitters of additional transistors of the 
Same conductivity type, controlled at their bases, are 
connected to the connection point of the emitters of 
the two transistors of the basic circuit. The control part 
of such a circuit arrangement has been illustrated in 
FIG. I. As can be seen, the collector of the additional 
transistor T3 is not connected with the collector of the 
controlled transistor T2 of the basic circuit, as opposed 
to the prior art OR/NOR circuit, but forms a separate, 
independently-controllable current path into which a 
further differential amplifier with the transistors T4, T5 
has been connected. A differential amplifier with the 
transistors T6, T7 have also been connected into the 
collector circuit of the transistor T2. 
The collectors of the transistors T4 and T6, on one 

hand, and the transistors T1, T5 and T7 on the other 
hand, are respectively connected together and con 
nected with the positive pole VCC of an operational 
voltage source, which source forms a reference poten 
tial, as well as being connected with the base of one of 
the transistors T8 and T9, via one of the collector resis 
tors R1 and R2. The transistors T8 and T9 are con 
nected as emitter followers and, as it is known, serve 
for increasing the resistance of the circuit at the output 
terminals X and X, and in order to equalize the levels 
of the output signals to the signal levels required for the 
input signals (of the upper plane). The emitters of the 
transistors T1, T2 and T3 of the differential amplifier 
of the lower plane, as it is known, are connected to the 
negative pole VEE of the operational voltage source, 
via the constant current generator S which supplies the 
impressed current . The bases of the transistors T5 and 
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T7 in the upper plane, which are not directly con 
trolled, and the base of the transistor T1 in the lower 
plane are connected to the fixed reference potentials 
VR1 and VR2, respectively. 

If the signals are denoted in the same manner as the 
terminals where they occur, the following logical func 
tions will result for the circuit according to FIG. 1: 
X = (D1 + C1). (D2 +C2) 
X = D1. C1 -- D2. C2 
The provision that a high signal level may only be 

provided at one of the inputs C1 or C2, with indepen 
dent D signals, will always be true for the circuit as il 
lustrated in FIG. 1, since otherwise a distribution of the 
current I through the resistors R1 and R2 can be ef 
fected which would cause inapplicable intermediate 
logical states. In order to avoid this safely, even if the 
high signal level changes between the inputs C1 and 
C2, a certain minimum waiting time must be main 
tained between the transition from the high to the low 
signal level at one of the input terminals and the transi 
tion from the low to high signal level at the other input 
terminal. 
The circuit illustrated in FIG. 2 corresponds to a far 

degree with the arrangement as described with the help 
of FIG. 1. Equal elements have therefore been pro 
vided with the same reference numerals. Deviating 
from the arrangement according to FIG. 1, however, 
the collector-emitter path of an additional base 
controlled transistor T10 or T11, respectively, is con 
nected in parallel with the collector-emitter paths of 
the controlled transistors T4, T6 of the two differential 
amplifiers of the upper plane, with the circuit accord 
ing to the invention (FIG. 2). Such a parallel connec 
tion of transistors in a branch of a differential amplifier 
as it is known, results in a OR or NOR linkage of the 
signals applied to the bases of the transistors. In the 
present case, the signal C2 will now be applied to the 
base of the additional transistor T10, in the current 
path controlled by the signal C1, and the signal C1 to 
the base of the additional transistor T11, in the current 
path controlled by the signal C2. 
Thus, the following logical linkages result for the cir 

cuit according to FIG. 2: 
X = (C2. D1 + C1). (C1. D2 +C2) 
X = (C2 -- D1). C1 -- (C1 -- D2) . C2. 
It can be recognized from the above relations that, 

independent of the level of the D signals, the level at 
output X is low, and the level at output X is high, when 
the levels of the signals C1 and C2 are high simulta 
neously. This means that now clear conditions are 
given in each case at outputs X and X, and thus it is no 
longer necessary to pay attention to allowed and not 
allowed combinations of the input signals. 
The measure according to this invention is not lim 

ited to two independently controllable current paths in 
the differential amplifier of the lower plane. It can also 
be applied in an analogous manner when (within the 
framework of the technically useful) a desired number 
of such current paths is present. FIG. 3 illustrates a cir 
cuit with a differential amplifier in the lower plane, 
comprising n current paths which can be independently 
controlled by n input signals C1 through Cn of a first 
group. A differential amplifier of the upper plane is 
connected into each one of the current paths, and it is 
constructed to the manner of the prior art OR circuit 
and also comprises in control inputs. One of the input 
signals D1 through Dn of a second group will respec 
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4. 
tively be connected to the input of a differential ampli 
fier, and the group of signals form the control signals 
for the differential amplifiers of the upper plane. The 
remaining inputs of the differential amplifiers are now 
provided with all control signals C of the first group, as 
auxiliary signals, so-to-say, but always with the excep 
tion of that signal controlling the current path feeding 
the respective differential amplifier in the upper plane. 
If now, for example, a certain current path is controlled 
by the signal C1 at the associated differential amplifier 
of the upper plane by the signal D1, the signals C2 
through Cn will be applied to the remaining n - 1 in 
puts of the differential amplifier. 
The application of the circuit principle according to 

this invention allows the construction of an advanta 
geous circuit arrangement with a small signal delay 
time for the formation of a carry-over function during 
the addition of binary numbers. The circuit arrange 
ment as illustrated in FIG. 4 resembles to a far degree 
to the circuit according to FIG. 2. Merely the inputs de 
noted D1 and D2 in FIG. 2 are now connected together 
and receive the carry-over signal Cin which character 
izes the presence of a carry-over from the preceding 
stage. The signals corresponding to the two terms of a 
sum A and B are not only applied to the inputs A and 
B for the control of the two independent current paths 
of the differential amplifiers of the lower plane, accord 
ing to this invention, but also, in an exchanged associa 
tion, to the additional inputs at the differential amplifi 
ers of the upper plane, in order to produce a OR link 
age. Then, the signal corresponding to the new carry 
over will be given at the output Cout, according to the 
relation Cout = A.B-A.Cin --B.Cin - A.B.Cin. 
Although I have described my invention by reference 

to specific embodiments thereof, many changes and 
modifications may become readily apparent to one 
skilled in the art without departing from the spirit and 
scope of the invention. I therefore intend to include 
within the patent warranted hereon all such changes 
and modifications as may reasonably and properly be 
included within the scope of my contribution to the art. 

I claim: 
1. In a series-coupled emitter-coupled logic circuit of 

the type having a first differential amplifier in a lower 
plane and second differential amplifiers in an upper 
plane, wherein the first differential amplifier includes 
a plurality of first transistors each having a base, an 
emitter and a collector, the emitters connected to 
gether for connection to a constant current supply, the 
base of one of said first transistors connected to a refer 
ence potential and the bases of the other first transis 
tors serving to receive respective input signals of a first 
group of input signals for independently controlling the 
current paths through the respective transistors, 
wherein each second differential amplifier includes a 
pair of second transistors each having a base, an emit 
ter and a collector, the emitters of each pair of second 
transistors connected to the collector of a respective 
controllable first transistor of the first differential am 
plifier, the base of one second transistor of each pair 
connected to a reference potential and the base of the 
other second transistor of each pair serving to receive 
a respective input signal of a second group of input sig 
nals for independently controlling the current paths 
through the respective transistors, wherein a first col 
lector resistor connects the collectors of the controlla 
ble second transistors of the second differential amplifi 
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ers in the upper plane to an operating potential and a . 
second collector resistor connects the collectors of the 
reference one first transistor in the lower plane and the 
referenced one second transistor of each second differ 
ential amplifier in the upper plane to the operating po 
tential, wherein a first output transistor operates as an 
emitter follower for the controllable second transistors 
in the upper plane and a second output transistor oper 
ates as an emitter follower for the referenced transis 
tors in the upper and lower planes, the first output tran 
sistor having a base connected in common with the col 
lectors of the controllable transistors in the upper plane 
and to the first collector resistor, an emitter serving as 
a first output, and a collector connected in common 
with the first collector resistor and the operating poten 
tial, the second output transistor having a base con 
nected in common with the collectors of the referenced 
transistors in the upper and lower planes and to the sec 
ond collector resistor, an emitter serving as a second 
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at least one additional second transistor in each sec 
ond differential amplifier of the upper plane, each 
said additional second transistor having an emitter 
connected to the other emitters of the respective 
second differential amplifier and a collector con 
nected to the collector of a controllable second 
transistor of the respective second differential am 
plifier to form an OR linkage, and a base for receiv 
ing an input signal from the first group of input sig 
nals, wherein the input signals applied to the bases 
of the additional second transistors excludes the 
input signal of the first group applied to the base of 
the respective controllable transistor which has its 
collector connected to the emitters of the respec 
tive second differential amplifier. 

2. The logic circuit of claim 1, further defined by an 
improvement for a carry-over function for binary addi 
tion, comprising means connecting the bases of a con 
trollable second transistor of each second differential 

output, and a collector connected to the second collec- 20 amplifier to receive a common input signal as a carry 
tor resistor and to the operating potential, the improve 
ment therein comprising: 
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